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LOW PRESSURE DRYER 
Background of the Invention - Field of the Invention 

This invention relates to drying granular or powdery material, preferably granular 
resin material, prior to processing thereof into intermediate or finished products, 
preferably by extrusion or molding. 

Background of the Invention - Description of the Prior Art 

Plastic resins are initially granular materials and are produced in pellets. These 
pellets are processed into finished or semi-finished products by molding, extrusion or 
other means in which the granular resin pellets are heated until the pellets melt and may 
then be molded or extruded into a desired shape. Typically granular resins melt at 
elevated temperatures, for example from 300-400T, which is well above the boiling point 
of water. 

Many granular resins have affinity for moisture. These hydroscopic resins absorb 
moisture and cannot be properly processed by molding or extrusion until dried. If 
processed before dry, the granular resin is dry, moisture in the resin being processed into 
plastic boils at or approaching the high plastic molding or extrusion process temperatures, 
leaving bubbles and perhaps other imperfections in the finished product. Hence, 
hydroscopic granular resins must be dried prior to molding or extrusion. 

Some granular resin materials are extremely hydroscopic and become 
unprocessable by molding or extrusion in ten minutes or less after exiting a dryer, due to 
the rapid absorption of moisture by the granular resin material. 

It is known to dry granular resin material by placing the granular resin material 
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pellets on large shallow trays to a depth of one or two inches, and putting those trays into 
ovens for several hours. With this approach to granular resin material drying, drying 
temperatures of up to 150-180T but no higher can be used since many granular resin 
materials begin to soften at 200-21 0T. 

During the drying process, the granular resin material cannot be permitted to 
soften, since it becomes unmanageable. Once granular resin material begins to soften, 
at temperatures above the boiling point of water, the granular resin material pellets stick 
together in lumps or even melt into useless masses of solid plastic, making it impossible 
to further process the resin material into a useful article. 

U.S. patent 6,154,980 represents a substantial improvement in dryer technology 
providing methods and apparatus which substantially accelerate the drying process 
providing greater throughput of dried granular resin material at lower cost than known 
heretofore. 

Summary of the Invention 

In one of its aspects, this invention provides improvements in low pressure 
granular or powdery material drying of the type disclosed in U.S. patent 6,154,980 in 
which the dryer preferably includes a rotatable preferably vertical shaft, a plurality of 
preferably vertically-oriented, open-ended preferably cylindrical canisters which are 
preferably equiangularly positioned on a carousel which rotates about a vertical axis 
preferably defined by the shaft, where the canisters are movable serially and unitarily at 
least among material heating and vacuum drying positions. 

The dryer preferably further includes a vertically extending pin radially displaced 
from the axis, a preferably triangular preferably horizontal plate rotatably receiving the pin 
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proximate the center of the plate, a preferably horizontal link pivotally connecting said 
shaft and the plate, and a plurality of preferably pneumatic piston-cylinder combinations 
equiangularly operatively connected to the plate for rotating the shaft by sequentially 
moving the plate relative to the shaft thereby to move the canisters among at least the 
heating and vacuum drying positions. 

The dryer yet preferably further includes preferably pneumatic piston-cylinder 
actuated means for sealing the cylindrical canisters at the vacuum drying station. 

In another of its aspects, this invention provides an improved, manually removable 
canister for use in a low pressure granular resin or powdery material dryer of the type 
broadly disclosed in U.S. patent 6,154,980 where the canister includes a preferably 
vertically-oriented preferably cylindrical shell having open ends with the canister 
preferably adapted to be sealingly closed by selectably contacting top and bottom plates 
thereagainst, thereby enabling vacuum to be drawn within the canister when desired. 
The canister further preferably includes a perforate funnel within the cylindrical canister 
and located proximate the shell bottom. 

Top and bottom plates preferably selectably seal the cylindrical shell of the 
canister thereby allowing vacuum to be drawn therewithin at a vacuum drying station. 
Pneumatic piston-cylinder means are preferably provided for urging the top and bottom 
plates into sealing contact with the shell of the canister. 

The canister is desirably adapted to selectably dispense granular or powdery 
material stored therewithin when the canister is at an inventory position. The inventory 
position is preferably different and removed from the vacuum drying position. 

The canister is further preferably adapted to effectuate material dispensing upon 
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contact by a downwardly moving rod, of a top-mounted pneumatic piston-cylinder 
combination, moving an open centered valve member into position at the bottom of the 
canister for maximum flow downwardly therethrough. When open, the valve permits 
relatively unimpeded, free downward flow of material out of the canister. 

In yet another of its aspects, this invention provides a method for continuously 
batch drying granular or powdery material preparatory to mixing, molding, extruding or 
other processing of that material. The method preferably includes supplying granular or 
powdery material to a preferably vertically-oriented cylindrical shell of a canister and 
heating the material within the canister preferably by introduction of heated air into the 
canister at the bottom of the cylindrical shell of the canister and preferably also into the 
center of the material via an axially extending tube running at least part way along the 
axial length of the canister while at the heating position. 

The method yet further preferably includes moving the vertically-oriented canister 
through an arc about a vertical axis outboard of the canister periphery to a vacuum drying 
position and sealing open ends of the canister at such position. 

The method still yet further preferably includes drawing a preselected level of 
vacuum within the sealed canister for a time sufficient to evaporate moisture from the 
heated material within the canister to a desired degree of dryness and supplying one or 
more shots of heated air to the drying material within the canister while under vacuum. 

The method even yet further preferably includes bringing the canister to an 
inventory position and then discharging the dried material from the canister responsively 
to action of a preferably pneumatic piston-cylinder combination located above the canister 
by opening a valve at the bottom of the canister. 
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I * 

The method preferably still yet even further includes moving the canister through 
an arc and sequentially repeating the steps of supplying material to the canister, heating 
the material within the canister by introducing heated air into the canister at an end 
thereof and further preferably into the midst of the material via a tube extending through 
the material within the canister, moving the canister to the vacuum drawing position, 
drawing a sufficient level of vacuum and applying at least one short shot or blast of 
heated air to the drying material within the canister, preferably close to the conclusion of 
the drying time, while vacuum is continued to be drawn within the canister to evaporate 
moisture from the material within the canister and then moving the canister to an 
inventory position, for so long as material is to be continuously dried. 

In yet another of its aspects, this invention provides a method for continuously 
supplying dried granular resin material for processing from a supply of material which is 
excessively moist where the method preferably includes substantially simultaneously 
performing the steps of heating a portion of the moist granular resin material to a selected 
temperature at which moisture evaporates from the granular resin material at a 
preselected level of vacuum, drawing a preselected vacuum over a second portion of the 
granular resin material which has been heated to the selected temperature for time nearly 
sufficient to cause the moisture to evaporate therefrom and result in the second portion of 
granular resin material being at the preselected dryness while supplying at least one short 
burst of heated dry air preferably at the conclusion of the drying cycle to the drying 
material to achieve an even greater degree of dryness and supplying to granular resin 
material processing equipment from an inventory position a third portion of the granular 
resin material which was dried to the preselected dryness by evaporation in the 
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preselected level of vacuum after having been heated to the selected temperature, and 
sequentially and repeatedly replacing each portion by the next succeeding portion. 

In still another of its aspects this invention provides apparatus for drying granular 
or powdery material prior to molding or extrusion where the apparatus includes a first 
material processing chamber, a second material processing chamber, manifold means 
for furnishing material to be dried selectably to one of said first and second processing 
chambers preferably most recently having had dried material evacuated therefrom, 
means for heating material in a selected one of said first and second processing 
chambers into which material needing to be dried has been introduced, means for 
drawing vacuum over material in a selected one of said first and second processing 
chambers preferably having had said material most recently heated and means for 
withdrawing material from said chamber preferably having most recently dried material 
therein. 

In yet another of its aspects this invention provides a method for drying granular 
powdery material prior to molding or extrusion where the method includes feeding a first 
portion of material to a first processing chamber, heating the material in the first 
processing chamber to a preselected temperature, drawing vacuum over the material in 
the first processing chamber, feeding a second portion of material to a second 
processing chamber, heating the material in the second processing chamber while the 
first portion of material has vacuum drawn thereover, withdrawing material from the first 
processing chamber when needed for molding or extrusion and drawing vacuum over 
the heated material in the second processing chamber thereby to evacuate moisture 
from said material and prepare such material for molding or extension. 
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In yet another of its aspects this invention provides a low pressure dryer for 
granular or powdery material where the dryer includes a frame, a cabinet supported by 
the frame and including an access door, a plurality of canisters carried by the frame 
within the cabinet and movable serially simultaneously at least among material heating 
and vacuum drying positions; and means for sensing when the door is open and 
responsively disabling the canister for movement. 

In yet another of its aspects this invention provides a low pressure dryer for 
granular or powdery material where the dryer includes a frame, a plurality of canisters 
carried by the frame and moveable serially simultaneously among at least material 
heating and vacuum drying positions, a material holding and filling hopper supported by 
the frame above the material heating position, a valve between the material holding and 
filling hopper and the material heating position for permitting downward flow of material 
from the holding and filling hopper into a canister at the heating position and means for 
sensing presence of a canister at the material heating position and disabling the valve 
from opening in the absence of a canister thereat. 

In yet another of its aspects this invention provides a method for supply of dried 
granular resin material for processing from a supply of material which is excessively 
moist where the method includes heating a portion of the moist material to a 
temperature at which moisture evaporates at a preselected level of vacuum, drawing at 
least the preselected level of vacuum over a second portion of the material which has 
been heated to a temperature for time sufficient to cause the moisture to evaporate 
therefrom and result in the second portion of material reaching a preselected dryness 
while periodically introducing hot air into the second portion of material under the 
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preselected vacuum to purge moist air from around such material, and supplying to 
granular material processing equipment for molding or extrusion a third portion of the 
material which has been dried to the preselected dryness by moisture evaporation in 
the preselected level of vacuum after having been heated. 

Brief Description of the Drawings 

Figure 1 is an isometric view of a low pressure vacuum dryer apparatus in 
accordance with the preferred embodiment of the invention. 

Figure 2 is a front elevation of low pressure vacuum dryer apparatus in accordance 
with the preferred embodiment and best mode known for practicing the invention, with the 
cabinet removed and with certain of the conduits not shown to enhance drawing clarity. 

Figure 3 is a left side elevation of the dryer apparatus illustrated in Figure 2, with 
the cabinet removed and with certain of the conduits not shown to enhance drawing 
clarity. 

Figure 4 is a right side elevation of the dryer apparatus illustrated in Figures 2 and 
3, with the cabinet removed and with certain of the conduits not shown to enhance 
drawing clarity. 

Figure 5 is a broken isometric view of a portion of the frame of the dryer illustrated 
in Figures 2, 3 and 4, showing details of structure for closing the bottoms of the canisters 
at the material filling and heating, vacuum drying and inventory and discharge positions. 

Figure 6 is a schematic isometric depiction of air flows in a dryer in accordance 
with Figures 2 through 5 supplying material for use by a process machine such as a 
molding press or an extruder. 
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Figure 7 is an exploded broken isometric view of a portion of a canister embodying 
aspects of the invention for use in a dryer such as illustrated in Figures 2 through 5 
manifesting the invention. 

Figure 8 is a broken enlarged front view of a portion of the dryer illustrated in 
Figure 2 showing a vacuum material takeoff box and a lower portion of a canister at a 
material inventory and discharge position in detail. 

Figure 9 is a broken side view of the vacuum material takeoff box and lower 
portion of the canister at the material inventory discharge position illustrated in Figure 8. 

Figure 10 is a schematic isometric drawing of the vacuum material takeoff box 
illustrated in Figures 8 and 9 depicting air and material flows. 

Figure 1 1 is a top view of the dryer illustrated in Figures 2, 3 and 4. 

Figure 12 is a schematic top view of the dryer illustrated in Figures 2 through 4 and 
1 1 with certain parts deleted to enhance drawing clarity. 

Figure 13 is a front elevation in section of a canister manifesting aspects of the 
preferred embodiment and best mode known for practicing the invention. 

Figure 14 is a sectioned elevation of a material supply and fill hopper optionally 
provided for use with the dryer in accordance with the invention. 

Figures 15 and 16 are schematic views of a duplex valve box, showing the valves 
in two different positions, for use in directing air flows in connection with the dryer of the 
invention as illustrated in Figures 2 through 4 and 6. 

Figure 17 is an isometric depiction of a self-actuating mechanical lock retaining a 
canister in position on a carousel of the dryer illustrated in Figures 2 through 4. 

Figure 18 is a front elevation in section of an alternate embodiment of a canister 
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portion of the dryer. 

Figure 19 is an exploded view corresponding to Figure 1 . 

Figure 20 is a schematic view of a dryer in accordance with a second embodiment 
of the invention. 

Figure 21 is a schematic view of a dryer in accordance with a third embodiment of 
the invention. 

Description of the Preferred Embodiment and 
Best Mode Known for Practicing the Invention 

Referring to the drawings in general and to Figures 1 through 4, 11 and 12 in 

particular, a low pressure granular material dryer manifesting aspects of the invention and 

of the type generally disclosed in U.S. 6,154,980 is designated generally 10 and 

preferably includes a plurality of preferably cylindrical canisters, preferably three, each of 

which has been designated generally 12. Each canister 12 preferably includes a 

cylindrical shell 14 and is preferably substantially vertically-oriented with the axis of the 

cylinder extending substantially vertically in order to be rotatable preferably unitarily with 

the other canisters about a substantially vertical axis defined by a preferably vertical shaft 

24. 

Dryer 10 includes a frame, designated generally 22, on and within which vertical 
shaft 24 is rotatably mounted for rotation relative to frame 22. Cylindrical canisters 12, 
riding on a carousel 21 rotating unitarily with vertical shaft 24, preferably move serially 
among a heating position designated generally 100, a vacuum drying position designated 
generally 102 and a material inventory position designated generally 104 as indicated in 
Figure 12. Canisters 12 move when and as required among heating position 100, 
vacuum drying position 102 and inventory position 104. The three canisters 12 start and 
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stop together as required due to movement of carousel 21; they do not move 
continuously in a merry-go-round fashion among positions 100, 102 and 104. Arrow B in 
Figure 12 indicates the direction of rotation of carousel 21 and shaft 24. 

Referring principally to Figures 1 through 4, frame 22 is preferably formed of a 
plurality of preferably vertically and preferably horizontally extending preferably angle iron 
members which preferably collectively define a rectangular parallelpiped. As visible in 
Figures 2, 3 and 4, frame 22 includes preferably four substantially vertical members 160, 
two of which are visible in Figure 2; the remaining two substantially vertical members 160 
are hidden behind the two members 160 visible in Figure 2 but are visible in Figures 3 
and 4. Vertical members 160 are additionally identified in the drawings according to 
whether those vertical members are on the left side or the right side of the dryer and 
whether those vertical members are at the front or the rear of the dryer. For example, in 
Figure 2, showing the dryer viewed from the front, the vertical member visible on the left 
side of the drawing is numbered member 160LF denoting vertical member 160 "Left 
Front". Similarly, the vertical member on the right side in Figure 2 is denoted 160RF for 
"Right Front". The same convention applies to the vertical members illustrated in Figures 
3 and 4 where "LB" denotes "Left Back" and "RB" denotes "Right Back". 

Frame 22 preferably further includes four upper horizontal members 162 which 
preferably collectively define the outer periphery of a rectangle in geometric terms; 
various ones of the four upper horizontal members 162 are visible in Figures 2, 3 and 4. 
Upper horizontal members 162 are additionally designated "L", "R", "F" and "B" for "Left", 
"Right", "Front" and "Back" respectively. 

Frame 22 further yet preferably includes four lower horizontal members 164, 
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various ones of which are visible in Figures 2, 3 and 4. Each of lower members 164 
preferably lies immediately under a corresponding upper horizontal member 162 as 
illustrated in Figures 2, 3 and 4. The four lower horizontal members 164 preferably define 
the base of frame 22 for contacting a floor or other weight supporting structure on which 
dryer 10 rests or may be of extended length for mounting of wheels as illustrated in 
Figures 2, 3 and 4. Lower horizontal members 164 are additionally designated "L", "R", 
"F" and "B" for "Left", "Right", "Front" and "Back" respectively. 

A preferably horizontal suspension plate 166 is part of frame 22 and preferably 
extends laterally across an upper portion of dryer 10, below upper horizontal members 
162. Suspension plate 166 is illustrated in Figures 2, 3 and 4 and serves as mounting 
structure for various components. A canister top sealing piston-cylinder combination 
designated generally 44, serving to seal the top of a canister 12 at vacuum drying 
position 102, is preferably mounted on horizontally extending suspension plate 166 as 
illustrated in Figure 3. Preferably there is no corresponding upper piston-cylinder 
combination or equivalent structure at heating position 100; the upper end of a cylindrical 
canister 12 at heating position 100 preferably remains slightly open with space between 
the upper extremity of canister 12 and a plate-like structure 150 which is associated with 
and fixedly connected to horizontally extending suspension plate 166, as illustrated in 
Figure 4. 

First, second and third driving rotation piston-cylinder combinations 34, 36, 38 are 
preferably pivotally connected to suspension plate 166 as illustrated in Figures 2, 3, 4, 1 1 
and 12. Connections of driving rotation piston-cylinder combinations 34, 36 and 38 to 
plate 166 forming a part of frame 22 are preferably pivotal and denoted as connections 
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180 in the drawings; pivotal connections 180 are preferably in a common plane on plate 
166. Unnumbered rods of piston-cylinder combinations 34, 36, 38 are connected at their 
extremities remote from the associated cylinder to triangular plate 28 as illustrated in 
Figures 11 and 12. 

Connection of a generally triangular plate 28 with vertically-oriented shaft 24 is 
preferably effectuated by means of a rectangular link 26 which is preferably horizontally 
elongated and preferably resides rotatably in a suitable bearing surface within a circular 
aperture formed at the center of generally triangular plate 28, as illustrated in Figures 1 1 
and 12. Rectangular link 26 is preferably fixedly connected to vertical shaft 24 at the 
upper end thereof. 

Figure 11 is a top view of dryer 10 showing the structural connections of first, 
second and third driving rotation piston-cylinder combinations 34, 36, 38 and the 
associated structure which results in rotation of shaft 24 upon actuation of one of piston- 
cylinder combinations 34, 36, 38. 

Each of piston-cylinder combinations 34, 36, 38 is affixed to one vertex of a 
triangular plate 28. Triangular plate 28 is in turn pivotally connected to a rectangular or 
longitudinally elongated pin-like extension 26 which, while shown in solid lines in the 
drawing figure for purposes of drawing clarity, should be understood to be positioned 
below triangular plate 28. 

Pin-like extension 26 is secured at a portion thereof, remote from the position of 
securement to triangular plate 28, to vertical shaft 24. As a result, upon actuation of one 
of piston-cylinder combinations 34, 36, 38 with retraction of the associated piston-shaft 
resulting, such as illustrated for piston-cylinder combination 34 in Figure 11, vertical shaft 
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24 rotates one hundred twenty degrees (120°) upon actuation of a given piston-cylinder 
combination. In Figure 1 1 , once piston-cylinder combination 36 is actuated to withdraw 
the piston rod portion of that piston-cylinder combination into the cylinder, this results in 
counterclockwise rotation of shaft 24 through an angle of one hundred twenty degrees 
(120°) thereby moving canisters 12 in an indexing fashion to the next successive one of 
heating and filling position 100, vacuum drying position 102 and inventory position 104. 

Piston-cylinder combinations are rotatably mounted, as depicted in Figure 11, on 
suspension plate 166. 

Still referring to Figure 11 and to Figure 12 as well, dryer 10 preferably includes a 
carousel locking cam 174 which is in the form of a flat-plate having three lobes 179 where 
adjacent lobes meet at concave vertices designated 1 73 in Figure 11. For drawing clarity, 
not all vertices 173 and not all lobes 179 have been numbered. 

Carousel locking cam 174 is fixedly connected to shaft 24 and rotates unitarily 
therewith. A carousel locking arm 175 is mounted on suspension plate 166 and is 
movable pivotally about a point of pivotal motion denoted P in Figure 1 1 responsively to a 
piston-cylinder combination 176 also mounted on suspension plate 166. A roller serving 
as a cam follower 178 is mounted on carousel locking arm 175 and is rotatable about a 
vertical axis. Cam follower 178 fits against the outwardly projecting radially extending 
edge of carousel locking cam 174 and rides along convex lobes 179 and concave 
vertices 173 defining the radially outboard surface of locking cam 174. 

When it is desired to lock carousel 21 against rotational movement, piston-cylinder 
combination 176 is actuated preferably at the next occurrence of cam follower 178 
residing against a concave vertex 173. With piston-cylinder combination 176 actuated in 
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this manner, force exerted by piston-cylinder combination 176 against a concave vertex 
173 of locking cam 174 via cam follower 178 precludes any rotational motion of cam 174 
and hence precludes any rotation of shaft 24 and carousel 21 carried thereby. 

A vertically oriented roller 177 is preferably eccentrically mounted on suspension 
plate 166 and is positioned for actuating a limit switch carried by carousel locking arm 
175. The limit switch has been denoted by dotted lines and number 168 in Figure 11. 
Since position adjuster 177 is eccentrically mounted, rotation of adjuster 177 about its 
axis serves to adjust the limit of arcuate motion of carousel locking arm 175. Contact of 
the limit switch against position adjuster 177 sends a signal to the microprocessor 
indicating that actuation of piston-cylinder combination 176 has effectuated locking of 
carousel 21 against rotational movement. 

With this arrangement, movement of triangular plate 28, as effectuated by any of 
first, second or third driving rotation piston-cylinder combinations 34, 36 or 38, results in 
rectangular link 26 translating such motion to vertical shaft 24, resulting in shaft 24 
rotating. As vertical shaft 24 rotates, it carries carousel 21 and hence canisters 12 among 
heating position 100, vacuum drying position 102 and inventory position 104 as depicted 
schematically in Figure 12. Canisters 12 move this way unitarily with shaft 24 as a result 
of canisters 12 being carried by carousel 21 which is connected to shaft 24. Each one of 
piston-cylinder combinations 34, 36 and 38 preferably actuates only to withdraw the 
associated piston rod into the cylinder of the piston-cylinder combination. Withdrawal of 
the piston rod into the cylinder of a given piston-cylinder combination 34, 36 or 38 serves 
to rotate carousel 21 through an angle of 120°. When any one of piston-cylinder 
combinations 34, 36 and 38 is energized, the remaining two piston-cylinder 
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combinations are de-energized; this control is effectuated by a microprocessor 
actuating solenoid valves which in turn control flow of pressurized air to piston-cylinder 
combinations 34, 36 and 38 and to other piston-cylinder combinations associated with 
the vacuum dryer. The solenoid valves are pneumatically connected to appropriate 
ones of the piston-cylinder combinations via flexible plastic tubing. The tubing, solenoid 
valves and microprocessor have not been substantially illustrated in the drawings to aid 
drawing clarity The piston-cylinder combinations are desirably spring biased to return to 
a desired default position when not pneumatically actuated. 

Shaft 24 or equivalent structure is preferably journaled in suitable bearings 
mounted on upper shaft suspension 112. Upper shaft suspension 112 is preferably 
connected to horizontally extending suspension plate 166 by suitable nut and bolt 
combinations which have not been numbered but are depicted in Figure 11. A lower 
shaft support bearing preferably in the form of a shouldered plate 114 is mounted on 
lower horizontal framing cross member 165 as shown in Figure 5, and secured in place 
by suitable nut and bolt combinations, or adhesive; such securing means have not been 
shown or numbered in the drawings. Shaft 24 rides rotatably on shouldered plate 114 
which is preferably bearing-grade plastic. 

Figure 1 illustrates that dryer 10 manifesting aspects of the invention is housed 
within a cabinet 11 having a door 13. Within cabinet 11 are a plurality of canisters 12, 
one of which is visible in Figure 1 , a blower 76, an air filter 82 and other components of 
the dryer as discussed in more detail below. 

First and second driving rotation piston-cylinder combinations 34, 36 are 
illustrated at the top of cabinet 1 1 above a horizontal suspension plate 166. 
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A contact switch 132 is mounted at the position illustrated in Figure 1 and senses 
whether door 13 is closed or open. When door 13 is open, contact switch 132 
preferably sends a signal to a microprocessor which controls operation of dryer 10 with 
such signal serving to disable the dryer moving parts from any motion thereby providing 
a safety feature. 

There is further illustrated in Figure 1 a triangular template 134 which is manually 
moveable and which fits over a manual switch serving as an interlock for the pneumatic 
feed piston-cylinder combinations 170 and 198. Triangular template 134, when moved 
by an operator, throws a manual switch disabling the pneumatic circuitry for piston- 
cylinder combinations 170 and 198 thereby enabling an operator to manually remove a 
canister 12 from material inventory position 104. Reverse manual movement of 
template 134 by an operator (or the action of closing door 13 if the operator forgets to 
move template 134 back to the operating position) moves template 134 back into 
position whereby template 134 throws a switch serving to reactuate the pneumatic drive 
circuit for piston-cylinder combinations 170 and 198. 

A valve is preferably provided within and at the bottom of each canister 12, 
preferably in a canister discharge aperture 144, and is preferably operated at inventory 
position 104 by a piston-cylinder combination 170 mounted on horizontally extending 
suspension plate 162 located above inventory position 104 as shown in Figure 2. 

Details of a canister 12 are illustrated in Figure 13 in which cylindrical shell 14 is 
shown in vertical section with tube 52 forming shell 14. A canister discharge valve stem 
shaft 400 runs vertically the length of canister 12 and coincident with the axis thereof. 
Canister 12 further preferably includes an apertured plate 404 which is within canister 12 
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proximate canister lower end 426. Canister 12 further preferably includes an axially 
displaceable discharge valve cylinder 406 which is moveable unitarily with shaft 400 from 
the position illustrated in solid lines to the position illustrated in dotted lines in Figure 13. 
When discharge valve cylinder 406 is in the upper position illustrated in solid lines, the 
canister dispense valve 20 is closed. 

The curved cylindrical wall of discharge valve cylinder 406 fits closely within a 
central aperture 405 of plate 404 illustrated in Figures 7 and 13. Perforate downwardly 
opening funnel 94 fits at its narrow end against plate 404 just outside the periphery of 
central aperture 405. Hence, granular material within canister 12 is vertically supported 
by perforate downwardly opening funnel 94 and cannot escape therefrom through the 
central opening since such central opening 405 is occupied by the axially displaceable 
discharge valve cylinder 406. 

At this valve closed position, an upper end of axially displaceable discharge valve 
cylinder 406 fits closely against and is covered by a canister discharge valve umbrella 422 
which is preferably fixedly connected to an internal heat tube 418 within canister 12. As a 
result of this geometric configuration, granular material within canister 12 rests on 
perforate funnel 94 and on discharge valve umbrella 422. No downward flow of such 
material can occur so long as axially displaceable discharge valve cylinder 406 is in the 
upper position illustrated in solid lines in Figure 13. Slope of the top surface of the 
granular resin material in canister 12 and elsewhere is limited by the angle of repose. 

When it is desired to discharge material from a canister 12, while canister 12 is at 
the material inventory position, actuation of piston-cylinder combination 170 lowers 
canister lid 172 at inventory position 104 into contact with the upper surface of canister 
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12. As a result, canister lid 172 and specifically the piston rod of piston-cylinder 
combination 170 interferingly contacts the upper end of canister discharge valve stem 
shaft 400, forcing shaft 400 downwardly considering Figure 13. Downward movement of 
shaft 400 results in downward movement of axially displaceable discharge valve cylinder 
406, moving the open top portion of axially displaceable discharge valve cylinder 406 
away from canister discharge valve umbrella 422. This permits flow of granular material, 
which is within canister 12 and supported by perforate downwardly opening funnel 94, 
through the open interior of axially displaceable discharge valve cylinder 406 downwardly 
out of canister 12. 

When it is desired to stop material flow out of canister 12 at inventory position 104, 
piston-cylinder combination 170 is de-energized whereupon a spring component of 
piston-cylinder combination 170 causes the piston portion thereof to retract thereby lifting 
canister lid 172. This releases canister discharge valve stem shaft 400, permitting shaft 
400 to move upwardly in Figure 13. A spring within housing 420 urges shaft 400 
upwardly until the upper portion of axially displaceable discharge valve cylinder 406 once 
again contacts the lower interior of canister discharge valve umbrella 422 thereby 
positioning the curved surface of valve cylinder 406 for blocking any additional flow of 
granular material downwardly out of canister 12. Housing 420 is retained in position by 
three gussets 414 connecting housing 420 to the shell 14 of canister 12. 

A major advantage provided by the design of canister dispense valve 20 is that 
valve 20 is not prone to jamming in an open or closed position due to particulate granular 
material being caught in the moving parts thereof. The sliding action of the cylindrical wall 
of axially displaceable discharge valve cylinder 406 against the corresponding annular 
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wall of aperture 405 in plate 404 means that there is no space between these two moving 
parts into which granular material can easily fall and thereby jam the valve. 

Referring to Figures 2 through 5 and 12, at heat position 100 a canister 12 has a 
supply of moist granular or powdery material, which is to be dried, resident therein. 

As shown in Figure 4, mounted on the lower side of suspension plate 166 and 
positioned to fit closely but slightly spaced from and around the outer periphery of the 
canister top is a preferably circular plate structure 150. An annular lip portion 152 of plate 
structure 150 fits closely to but is slightly spaced from the circular periphery of a canister 
12 at fill and heating position 100. An aperture 154 leading to a conduit 157 is within 
plate structure 150 and facilitates communication between a material fill hopper 500 (see 
Figure 14) or equivalent structure, positioned on the top of dryer 10, and the interior of a 
canister 12 at fill and heating position 100. 

A canister 12 arrives at heating position 100 as a result of having been moved to 
that position by rotation of carousel 21 on vertical shaft 24 in response to motion of one of 
first, second and third driving rotation piston-cylinder combinations 34, 36 and 38. 

As illustrated schematically in Figure 6, at heating position 100, a blower 76 
facilitates circulation of heated air through material 74 resident within canister 12 to heat 
material 74. Blower 76 has an intake aperture 78 and an exhaust aperture 80. Exhaust 
aperture 80 connects to conduit 156 within which there are a plurality of heater elements 
82 to heat air from blower 76 prior to flow through material within canister 12. 

Referring to Figure 5, a pneumatic piston-cylinder combination 106 is mounted on 
a lower cross-member 152, forming a part of frame 22. When actuated, piston-cylinder 
combination 106 serves to close the bottom of canister 12 in the fill and heat position by 
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moving a heating position bottom sealing plate 86 vertically upwardly thereby effectuating 
a tight seal between plate 86 and canister 12 at fill and heating position 100 to facilitate 
passage of heated air through granular or powdery material in canister 12. 

Heating position bottom sealing plate 86 further includes a canister presence 
sensor 153 as illustrated in Figure 5. Sensor 153 detects the presence of a canister 12 in 
position on heating position bottom sealing plate 86. If no canister is sensed as present, 
canister presence sensor 153 sends a signal to the microprocessor which, as a result of 
logic programmed thereinto, precludes any downward flow of granular resin material to be 
heated at position 100 by actuating a piston-cylinder combination 110 controlling a valve 
108 mounted on suspension plate 166 above heating position 100, as illustrated in Figure 
4. When valve 108 is actuated, no material can pass downwardly therethrough from a 
feed hopper above dryer 10 into space defining heating position 100. 

Heating position bottom sealing plate 86 further includes a preferably screened 
aperture 154 for passage of heated air therethrough upwardly into a canister 12 
positioned on heating position bottom sealing plate 86. Aperture 154 is connected to the 
exhaust outlet of blower 76 via a series of conduits with conduit 158 being directly 
connected to heated air aperture 154 as illustrated in Figure 6. 

Still referring to Figure 5, lower cross member 152 is mounted between two 
intermediate horizontally extending cross members 155. 

Heated air, having passed through granular or powdery material within canister 12, 
exhausts from canister 12 at the upper end thereof. While heating position bottom 
sealing plate 86 fits tightly against the bottom of canister 12 at heating position 100, 
canister 12 is slightly open at the top when located at heating position 100 due to the 
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positioning of plate structure 150 fitting close to but slightly spaced from the upper edge of 
canister 12, as illustrated in Figure 4. 

Referring to Figure 6, a discharge conduit 144 is connected tightly to an aperture in 
plate structure 150 for passage therethrough of heated air from canister 12 in heating 
position 100 after the heated air has passed through the moist granular or powdery plastic 
resin material within canister 12. Discharge conduit 144 preferably leads to a duplex 
pneumatic valve box 600 illustrated in Figures 15 and 16 and described in more detail 
below. Direction of air flow within discharge conduit 144 is indicated by arrows "a" in 
Figure 6. 

As shown in Figure 6, a first thermocouple 68 preferably positioned at the inlet 72 
to discharge conduit 144 senses temperature of heated air leaving canister 12. A second 
thermocouple 84 is preferably positioned proximate the outlet of the heated air supplied 
by blower 76, at a position after the heated air has passed along heating elements 82. 
When the temperatures sensed by thermocouples 68 and 84 are substantially equal, this 
is indicative of the granular or powdery resin material within canister 12 having reached 
the desired temperature, which typically but not necessarily is the selected temperature of 
the air entering canister 12 after having been heated to the desired degree selectably by 
heating elements 82. 

Illustrated in Figure 5 is a canister bottom sealing plate 42 located at vacuum 
drying position 102. Plate 42 is movably mounted on lower cross member 152 in a 
manner similar to that of heating position bottom sealing plate 86. Canister bottom 
sealing plate 42 at vacuum position 102 is actuated by a piston-cylinder combination 46 
which is connected to lower cross member 152 and visible in Figure 5. 
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Further illustrated in Figure 5 is shouldered plate 114 which is fixedly connected to 
lower cross member 152 and serves as a bearing surface to support vertical shaft 24 as 
shaft 24 rotates and carries the canisters among the heating, vacuum drying and 
inventory positions. 

Still further illustrated in Figure 5 is an inventory position bottom sealing plate 90 
which is movable vertically to contact the bottom of a canister 12 located at the inventory 
position, to receive downwardly flowing dried material from the canister for delivery to an 
extrusion machine or molding press. Inventory position bottom sealing plate 90 is 
preferably mounted on a beam 196 which pivots to facilitate vertical movement of 
inventory position bottom sealing plate 90; alternatively, inventory position bottom sealing 
plate 90 may be connected directly to frame 22 and actuated by a pneumatic piston- 
cylinder combination associated therewith. Beam 196 is illustrated in Figure 9. 

Referring to Figures 7 and 13, each preferably cylindrical canister 12 preferably 
includes a cylindrical shell designated generally 14. Each cylindrical shell 14 is preferably 
defined by a single wall tube designated 52 in the drawings. An insulative jacket 54, 
depicted in Figures 2, 3 and 4, preferably fits about the annular exterior of tube 52 and is 
equipped with a zipper 55 extending axially the length of jacket 54 when jacket 54 is in 
place about tube 52. Jacket 54 is sufficiently resilient that when zipper 55 is closed, 
jacket 54 stretches slightly circumferentially about tube 52 with the resulting radially 
inwardly force on tube 52 exerted by jacket 54 retaining jacket 54 in position around the 
exterior of tube 52. 

A perforate downwardly opening material funnel designated 94 is secured within 
each cylindrical shell 14 of a canister 12 proximate the bottom of canister 12. Material 
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dispensing funnel 94 when installed is preferably deformed just enough to be snapped 
into place and retained by the spring-like action created by the residual internal stresses 
as funnel 94 seeks to relieve those stresses. 

The perforate character of dispensing funnel 94 facilitates circulation of heated 
drying air axially through material in canister 12 at heating position 100 and further 
facilitates drying of the material in canister 12 when the canister is at vacuum drying 
position 102 by axial draw of vacuum in canister 12 at position 102. 

Each canister 12 preferably further includes a canister dispense valve designated 
generally 20 located coaxially with perforate funnel 94. 

Referring to Figures 2, 3, 4, 12, 13 and 17, each canister 12 is equipped with a 
pair of upper outrigger pins 410 and a pair of lower outrigger pins 412 where pins of 
pairs 410, 412 are positioned at diametrically opposite locations on the surface of a 
given canister 12. 

Carousel 21 includes a first set of vertically elongated equiangularly spaced 
blades where blades of the first set are denoted 16 in Figure 12. Carousel 21 further 
includes a plurality of second sets of vertically elongated blades where the blades of 
each of the second sets are connected to respective blades of the first set along 
respective edges. Blades of the second set are denoted 17 in Figure 12 are also 
depicted in Figures 2, 3 and 4. Blades of respective second sets 17 and the associated 
connected blade of the first set 16 to which the second set blades are connected are 
equiangularly spaced as shown in Figure 12. 

Each one of second blades 17 of carousel 21 have shaped edges proximate the 
upper extremities thereof to provide an upper canister support vertex designated 30 in 
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Figure 2. Vertex 30 is formed between a preferably vertically extending edge and an 
edge which extends slightly upwardly from the horizontal. The shape is illustrated in 
Figure 2 and provides support for canister upper outrigger pins 410 when a canister, 
such as canister 12 illustrated in Figure 2, is placed in position with upper outrigger pins 
410 resting in upper canister support vertices 30. 

Once a canister has been positioned with upper outrigger pins 41 supported by 
upper canister support vertices 30, the lower portion of the canister may be swung into 
position by movement in a direction indicated by arrow A in Figure 17. Such movement 
is pivoting movement through an arc with the center of the arc defined by canister upper 
outrigger pins 410 resting in vertices 30. Once canister 21 is swung into position with 
lower outrigger pins 412 residing in downwardly opening notches 432 formed in second 
blades 17, latching blade 428 is swung into the position illustrated in Figure 17 from the 
position illustrated in Figure 2. 

At the position illustrated in Figure 17, a first portion of latching blade 428 which 
lies in a plane perpendicular to the axis of canister lower outrigger pin 412 has an edge 
extremity 434 which is remote from blade pivot mounting 430 and which lies against the 
curved cylindrical surface of canister lower outrigger pin 412. At this position a second 
portion 438 of latching blade 428 is perpendicular to first portion 436 of latching blade 
428 and extends longitudinally past edge extremity 434 of first portion of latching blade 
428. This extension portion lies facingly against the curved cylindrical surface of 
canister lower outrigger pin 412, as illustrated in Figure 17, thereby precluding rotation 
of latching blade 428 about pivot mounting 430. Since in this position latching blade 
428 is precluded from rotation, force exerted by canister 21 via canister lower outrigger 
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pin 412 against edge extremity 434 of first portion of latching blade 428 serves to retain 
canister 12 against any motion. Specifically, latching blade 428 cannot move in an arc 
about pivot mounting 430 in the direction of arrow B due to interference between 
second portion 438 of latching blade 428 and the curved cylindrical surface of canister 
lower outrigger pin 412. 

When it is desired to remove canister 12 from carousel 21, latching blades 428 
are rotated in the direction opposite that indicated by arrow B in Figure 17 thereby 
releasing canister lower outrigger pins 412 and permitting canister 12 to be rotated in 
the direction opposite that of arrow A in Figure 17. Once canister 12 has been slightly 
so-rotated to release lower outrigger ping 412 from downward opening notches 432, 
canister 12 may be lifted manually, so that canister upper outrigger pins 410 no longer 
rest on vertices 30 of second blades 17, and removed from dryer 10. 

Figure 3 illustrates a canister 12 at vacuum drying position 102 prior to movement 
of canister top and bottom vacuum sealing plates 40, 42 into position to seal cylindrical 
shell 14 so that a vacuum may be drawn therewithin. 

Canister top and bottom vacuum sealing plates 40, 42 are preferably respectively 
connected to unnumbered piston rod extensions which are parts of canister top and 
bottom sealing piston-cylinder combinations 44, 46 respectively. Piston-cylinder 
combinations 44, 46 are preferably pneumatically actuated by the microprocessor and 
solenoid valves as described above. The cylinder portion of top piston-cylinder 
combination 44 is fixedly connected to suspension plate 166 while the cylinder portion of 
bottom piston-cylinder combination 46 is fixedly connected to a lower cross member 152 
of frame 22, in a manner similar to that of the piston-cylinder combination which actuates 
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movable lower plate 86 at heating and fill position 100, as illustrated in Figure 5. 

Canister top and bottom vacuum sealing plates 40, 42 are most preferably of 
generally planar configuration, as illustrated, and preferably have vacuum sealing gaskets 
58, 60 positioned to run circumferentially around unnumbered preferably circular lips of 
canister top and bottom vacuum sealing plates 40, 42 respectively. 

When a canister 12 is at vacuum drying position 102, pneumatic actuation of 
respective canister top and bottom sealing piston-cylinder combinations 44, 46 
respectively causes respective canister top and bottom vacuum sealing plates 40, 42 to 
move vertically and axially towards canister 12. This effectuates an airtight, vacuum- 
maintaining seal between the preferably circular peripheries of top and bottom sealing 
plates 40, 42, where vacuum gaskets 58 and 60 are preferably located, and the 
preferably circular circumferential top and bottom edges of tube 52. 

Once moisture has evaporated from resin material due to draw of vacuum 
thereover within canister 12 while located at vacuum drying position 102 and the resin 
material has reached a desired degree of dryness, canister top and bottom sealing 
piston-cylinder combinations 44, 46 are permitted to return to their default positions 
illustrated in Figure 4. This retracts canister top and bottom vacuum sealing plates 40, 42 
away from and out of contact with canister 12, permitting canister 12, having the now- 
dried granular resin material therewithin, to be moved to the material inventory position. 

Referring to Figures 5 and 6, canister bottom sealing plate 42 at vacuum drying 
position 102 includes a purging hot air aperture 50 appearing in both Figures 5 and 6. 
Aperture 50 provides an outlet into a canister 12 located at the vacuum drying position 
for a purge line 62 leading from the hot air supply represented by conduit 158 illustrated 
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in Figure 6. A purge valve 64 is provided within purge line 62 to open and close that 
line thereby to permit and block flow of hot air into a canister 12 at the vacuum drying 
position 102. Purge line 62 and purge valve 64 permit purging of moisture from 
granular resin material undergoing vacuum drying by periodically introducing hot dry air 
into that granular resin material and letting that hot dry air be drawn through the 
material by the vacuum being drawn out at the top of the canister. The effect of this is 
to give better efficiency, namely higher resulting dryness of the granular resin material 
when it finishes drying at the vacuum drying position 102. Purging typically lasts for 
thirty (30) seconds or one minute or even one minute and thirty seconds out of the total 
drying cycle time of twenty (20) minutes. Purging is desirably done at the end of the 
drying cycle and may also be done in the middle of the cycle as well. 

The time during which vacuum is drawn within a canister 12 while located at 
vacuum drying position 102 may be adjusted, according to the type of material being 
dried, using the microprocessor. Similarly, the level of vacuum drawn in canister 12 at 
vacuum drying position 102 may be adjusted. Air withdrawn from canister 12 by action of 
vacuum venturi 48 communicating with top sealing plate 40 may be monitored for 
moisture content and vacuum venturi 48 may be halted once the desired low level of 
moisture of the material within canister 12 has been attained. The microprocessor 
controls operation of the low pressure dryer, including the sequencing and actuation of 
the various pneumatic piston-cylinder combinations, the operation of the venturi, etc. 

The vertically-oriented cylindrical sets of canisters are carried indirectly by shaft 24 
for rotation therewith by riding on carousel 21 as best illustrated in Figure 10. Carousel 
21 is preferably fixedly secured to shaft 24. Each cylindrical canister 12 is manually 
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removable from carousel 21 . 

Arrow B in Figures 11 and 12 depicts the preferred direction of rotation of vertical 
shaft 24, carousel 21 and canisters 12 so as to move one of canisters 12 serially from the 
heat position 100 to vacuum drying position 102, then to inventory position 104 and then 
again to heat position 100, where this cycle may repeat. 

At vacuum drying position 102, heated material is preferably subjected to a 
vacuum of about 27.5 millimeters of mercury or greater. This lowers the evaporation 
point or boiling point of water to about 120°F, thereby causing the moisture within the 
heated material to evaporate and be drawn off by the vacuum venturi 48 drawing vacuum 
within canister 12 at vacuum drying position 102; vacuum venturi 48 connects via suitable 
flexible hose to an aperture in canister top sealing plate 40 to draw vacuum within 
canister 12 at vacuum drying position 102. Once the vacuum drying process is 
sufficiently complete, piston-cylinder combinations 44, 46 retract canister top and bottom 
sealing plates 40, 42 so that canister 12 may move from vacuum drying position 102 to 
material dispense position 104 as carousel 21 rotates. A vacuum pump may be 
substituted for vacuum venturi 48. 

Blower 76 is preferably a one horsepower blower. Preferably two heater elements 
82 are utilized, as illustrated in the drawings. 

The material heating and vacuum drying functions may each take approximately 
twenty minutes. Accordingly, in one hour, all three canisters 12 preferably cycle through 
material fill and heat position 100, vacuum drying position 102 and material inventory and 
dispense position 104. If each canister 12 is approximately 10 inches in diameter and 24 
inches high, each canister 12 will hold about one cubic foot of granular resin material, 
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which is about thirty-five pounds of granular resin material. With such configuration, dryer 
10 provides about 100 pounds per hour of dried granular resin material for subsequent 
processing by plastic injection molding or extrusion equipment. The size may be scaled 
up or down, as desired. 

Canisters 12 are preferably provided equally spaced around vertical shaft 24 with 
canisters 12 being 120 degrees apart. 

Referring to Figures 2, 6, 8, 9 and 10, vacuum material takeoff box 182 is provided 
at the bottom of material inventory position 104 for removal and conveyance of dried 
granular material from dryer 10 to a process machine such as a compression or injection 
molding press or an extruder. The vacuum material takeoff box is designated generally 
182 in the drawings and has a material takeoff tube 184 rotatably resident therewithin. 

As illustrated in Figure 9, vacuum material takeoff box 182 is preferably mounted 
on one end of a pivoting beam 196 where beam 196 is pivotally connected to frame 22, 
preferably to one of intermediate cross members 155 running between the two vertically 
extending members 160LP and 160RR at the rear of dryer 10. The point of pivotal 
connection is denoted P in Figure 9. Pivoting beam 196 is preferably actuated by a 
vertically oriented piston-cylinder combination 198 which is preferably mounted on a lower 
horizontal framing cross member 165. Piston-cylinder combination 198 is visible in 
Figures 2, 3, 4 and 9. 

Referring to Figures 8, 9 and 10, material takeoff box 182 includes manually 
rotatable material takeoff tube 184 and an air inlet 187 providing the inlet for a vacuum or 
suction based material delivery system via which granular material within material takeoff 
box 182 is carried by subatmospheric pressure air from the interior of rotatable material 
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takeoff tube 184 outwardly, as indicated by arrow O in Figure 10. Air supplied to inlet 187 
is denoted by arrow I in Figure 10. The rotatable characteristic of tube 184 allows 
adjustment of material flow rate therethrough by adjustment of the angular position of 
tube 184. 

A material fill aperture 186 is present in rotatable material takeoff tube 184. 
Aperture 186 is preferably axially elongated and formed as a cutout in the wall of tube 
184 with the cutout preferably being defined by two preferably substantially straight edges 
which are parallel with the axis of tube 184, and two preferably substantially parallel 
arcuate edges formed along lines of circumference of tube 184, as illustrated in Figure 
10. Desirably, the two substantially parallel arcuate edges forming two of the boundaries 
of material fill aperture 186 subtend angles of less than 180 degrees. 

Vacuum material takeoff box 182 preferably includes a first pivoting upper front 
plate 190 which is preferably fabricated from clear plastic or safety glass material and 
pivots about a hinge running substantially coaxially with an edge denoted "A" of material 
takeoff box 182 in Figures 8 and 10. 

Preferably forming a part of the same essentially planar surface of material takeoff 
box 102 is a second pivoting lower front plate 192 which is preferably similarly formed of 
clear plastic or safety glass material in the same manner as first pivoting upper front plate 
190, but which pivots about an edge parallel with the edge denoted A in Figures 8 and 10, 
with such edge being denoted B in Figures 8 and 10. An upper edge of lower front plate 
192 preferably overlaps a lower edge of upper front plate 190 when the plates are in their 
essentially co-planar disposition, providing a closed front for takeoff box 182 as illustrated 
in Figure 8. The upper edge of lower front plate 192 is denoted 192U in Figure 8. 
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Pivoting action of plates 190, 192 to open the front of box 182 facilitates cleanout thereof. 

Material takeoff box 182 is preferably of rectangular parallelepiped exterior shape 
so that oppositely facing exterior surfaces of material takeoff box 182 are essentially 
parallel one to another. 

A collection of generally angularly disposed preferably at least partially planar 
baffles are preferably provided within material takeoff box 182; the baffles are denoted 
generally 194, 194A, etc. Baffles 194 serve to deflect and diffuse the vector of incoming 
air at air inlet 187 thereby to render more efficient the vacuum pickup of pellets of 
granular resin material for conveyance thereof by the slightly subatmospheric pressure air 
drawn out of the interior of rotatable material takeoff tube 184. Motion of the diffuse air 
within material takeoff box 182 is generally denoted by arrows labeled "a" in Figure 10. 

Referring to Figure 8, material takeoff box 182 preferably further includes a 
material sensor 120 as well as a sight glass 122 through which the interior of material 
takeoff box 182 and the presence of or absence of granular resin material therein can be 
visually checked. Material sensor 120 serves to actuate an alarm whenever there is an 
absence of material in material takeoff box 182 ready for conveyance to the process 
machine upon demand. 

Referring to Figures 6, 15 and 16, a duplex pneumatic valve box is designated 
generally 600 and is used to control air flows in the dryer of the invention. Duplex 
pneumatic valve box 600 includes a pneumatic piston-cylinder combination 602 which 
moves a shaft 604 between the positions illustrated in Figures 15 and 16. Mounted on 
shaft 604 are first and second valve member 606, 608, each of which preferably 
includes two valve disks resiliently coupled by a coil spring. The valve disks and coil 
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spring are not numbered in Figures 15 and 16 to aid drawing clarity. 

Duplex pneumatic valve box 600 has a positive pressure portion and a negative 
pressure portion as indicated by the brackets in Figure 16. An inlet to the positive 
pressure portion is denoted 2 in Figures 15 and 16 and is the position at which hot air is 
supplied to duplex pneumatic valve box 600 by blower 76 via conduit 156 as illustrated 
in Figure 6. 

Duplex pneumatic valve box 600 has two outlets from the positive pressure 
portion. The outlet numbered 1 in Figures 15 and 16 connects to conduit 158, 
illustrated in Figure 6, which conveys hot air from the positive pressure portion of duplex 
pneumatic valve box 600 to a canister 12 located at material fill and heating position 
100, as illustrated in Figure 6, when duplex pneumatic valve box is in the configuration 
illustrated in Figure 16. 

When duplex pneumatic valve box 600 is in the alternate configuration due to 
piston-cylinder combination 602 being in the alternate disposition, hot air exiting from 
the positive pressure portion of valve box 600 exits via outlet 3. Connected to outlet 3 
and leading from duplex valve box 600 to air inlet 187 is air inlet line 188 illustrated in 
Figure 6. 

Aperture 4 providing an inlet to the negative pressure portion of duplex 
pneumatic valve box 600 receives hot air exiting from a canister 12 at fill and heat 
position 100 via conduit 146 illustrated in Figure 6. Aperture 6 provides an inlet to the 
negative pressure portion of duplex pneumatic valve box 600 for return line 140 via 
which air is returned from a fill cylinder 142 serving as a holding receptacle for granular 
resin material to be used by the molding press or extruder. 
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Aperture 5 in the negative pressure portion of the duplex pneumatic valve box 
600 communicates with conduit 136 leading to air filter 82, which in turn is connected to 
inlet aperture 78 of blower 76. 

Also shown in Figure 6 is a conduit 138 connecting rotatable material takeoff 
tube 184 to fill cylinder 142 and hence conveying dried granular resin material from 
vacuum material takeoff box 182 to cylinder 142. 

When valve box 600 is in the configuration illustrated in Figure 16, flow in the 
negative pressure portion is of exhaust hot air coming from conduit 146 into box 600 via 
aperture 4 and being drawn to air filter 82 and blower 76 via conduit 136 as such air 
exits box 600 via aperture 5. 

When box 600 is in the configuration illustrated in Figure 15, hot air entering the 
positive pressure portion of box 600 via aperture 2 is supplied as positive pressure air 
to vacuum material takeoff box 182 via conduit 188 connected to aperture 3. In this 
same configuration air is drawn through the negative pressure portion of box 600 from 
material storage cylinder 142 via conduit 140 after delivering dried granular resin 
material to cylinder 142 via conduit 138. Hence Figure 15 depicts duplex pneumatic 
valve box in the material delivery configuration while Figure 16 depicts duplex 
pneumatic valve box in the material heating configuration. 

Duplex pneumatic valve box 600 effectuates an important feature, namely the 
ability to provide hot conveying air as the means used to move the dried granular resin 
material, once that material has been dried, to the operating position, namely to fill 
cylinder 142 for molding or extrusion. This is advantageous over the use of ambient air 
from the room in which dryer 10 is located to move granular resin material from dryer 10 
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to where the material is needed. Valve box 600 allows hot air from blower 76 to be 
supplied to vacuum material takeoff box 182 to move granular resin material from 
vacuum material takeoff box 182 to fill cylinder 142. This use of hot air helps the 
granular resin material to stay warmer longer; it is desirable to process the granular 
resin material by molding or extrusion while the granular resin material is warm. If the 
granular resin material is allowed the opportunity to cool, the granular resin material 
picks up moisture which adversely affects performance of the granular resin material 
when molded or extruded. Use of hot air to convey the granular resin material after it 
has been dried keeps the granular resin material warm longer, giving more lead time for 
molding or extrusion. 

Figure 14 illustrates an optional but preferable material supply hopper for use with 
dryer 10. The material supply hopper 500 includes a container 512 which is preferably 
aluminum. Container 512 preferably has an upper cylindrical portion and a lower frusto- 
conical portion where these two portions are denoted 514, 516 respectively. 

Material supply hopper includes a material supply valve designated generally 502 
in Figure 14; valve 502 is highly similar to canister dispense valve 20 described above 
and illustrated in Figures 7 and 13. Material supply valve 502 is actuated by a piston- 
cylinder combination 504 which is fixedly mounted within material supply hopper 500 by a 
mounting pin numbered 520. Material supply valve 502 includes a material supply valve 
umbrella 506 which overlies an axially displaceable material supply valve cylinder 508 
having an open center for axially directed flow of material therethrough, downwardly out 
of material supply hopper 500 when material supply valve 502 is at the open position. A 
supply valve shaft-cylinder connecting flange 510 is positioned within and runs preferably 
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diametrically across the interior of axially displaceable material supply valve cylinder 508, 
providing means for attachment of cylinder 508 to a rod 522 extending from piston- 
cylinder combination 504. 

When axially displaceable material supply valve cylinder 508 is in the upper 
position illustrated in solid lines in Figure 14, the open upper end of axially displaceable 
material supply valve cylinder 508 is covered by material supply valve umbrella 506 and 
the curved wall of cylinder 508 extends axially past the aperture in the bottom 518 of 
container 512. As a result, at this position no granular material within supply hopper 500 
can flow downwardly through the interior of axially displaceable material supply valve 
cylinder 508. 

Container 512 has a bottom 518 in which is formed an aperture for sliding receipt 
of axially displaceable material supply valve cylinder 508. The sliding fit between bottom 
518 and the curved wall of cylinder 508 is sufficiently close that granular material cannot 
pass therebetween. 

When desired to open valve 502, piston-cylinder 504 is actuated, extending piston 
rod 522 and thereby moving axially displaceable material supply valve cylinder 508 
downwardly into the position illustrated in dotted lines in Figure 14 whereupon granular 
material within material supply hopper 500 may flow downwardly through the open center 
of axially displaceable material supply valve cylinder 508. To close material supply valve 
502, piston-cylinder combination 504 is de-energized whereby an internal spring draws 
piston rod 522 upwardly in Figure 14 thereby moving axially displaceable material supply 
valve cylinder 508 upwardly into contact with material supply valve umbrella 506. This 
closes the upper end of supply valve cylinder 508 to material flow and no material then 
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can flow downwardly out of material supply hopper 500. 

The dryer in the preferred embodiment of the instant invention, with the preferred 
vertical orientation of the movable canisters, requires less floor space than a conventional 
desiccant dryer having the same capacity. Additionally, there is no desiccant 
maintenance as there is in a conventional desiccant dryer thereby eliminating lost 
production time which is required with a conventional desiccant dryer. Moreover, as 
desiccant material deteriorates, the quality of the plastic granular material being dried 
suffers. However, with the dryer of the invention in any of its embodiments, since there is 
no desiccant material involved there is no risk of deterioration of product quality from the 
desiccant material. Performance of the dryer according to the invention remains constant 
and does not deteriorate over time. 

The dryer according to the invention shortens drying time relative to a desiccant 
dryer thereby avoiding prolonged exposure of the granular resin material to heat. This 
helps to maintain desired physical properties of the resin material. 

The dryer according to the invention reduces labor costs in that clean-out time for 
hoppers for a color or material change is minimal. Typically, a dryer according to the 
invention should require less than 10 minutes of total time to clean whereas a 
conventional desiccant dryer can take up to one hour for cleaning. 

Some materials cannot be effectively dried two times. In the event it becomes 
necessary to stop the dryer of the invention, the canisters may be sealed thereby 
eliminating the need to dry the material in the canister a second time. This is not the case 
with typical desiccant dryers. 

Desiccant dryers typically require material feed hoppers to be at least half full for 
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proper air flow. Hence if material usage is low for a particular molding operation, 
extended exposure to heat in a conventional desiccant dryer may degrade the plastic 
resin molding material. There is no such requirement for a full canister for the dryer in 
accordance with the invention to operate properly. 

Test data reveals that operating costs of the dryer according to the invention are 
less than one-half that of a desiccant dryer having the same capacity. In many cases 
operating cost is reduced by as much as 80% over that of a desiccant dryer having the 
same capacity. Additionally, start-up time using a dryer in accordance with the invention 
is under one hour whereas typical desiccant dryers require four hours or more for start- 
up. 

Use of the dryer in accordance with the invention permits material changeover time 
to be reduced to zero if the operator plans about one hour ahead. Color changes in 
material can be made "on the fly" with no lost time simply by changing the material in a 
given canister. When the dryer in accordance with the invention operates on a 20-minute 
cycle, unused inventory of blended material represents at most 40 minutes of dryer time, 
not four hours as is the case with a conventional desiccant dryer. 

The dryer in accordance with the invention minimizes the need to expose material 
to be dried to high heat for extended periods, dramatically eliminating or minimizing the 
loss of physical properties which some materials experience when exposed to high heat 
for extended periods. 

The dryer in accordance with the invention permits drying of plastics at lower 
temperatures than known heretofore; PET heretofore has had to be dried at about 350T 
(180°C) but with the dryer in accordance with the invention PET can be dried at 245T 
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(120°C.) 

No cooling water is required for the dryer in accordance with the invention. 

The lower temperature at which the dryer in accordance with the invention 
operates allows addition of color concentrates to resin materials prior to drying rather than 
afterwards. 

Another problem addressed by the dryer in accordance with the invention is the 
separation of preblended materials during extended residence times in large hoppers. 
The canisters of the dryer in accordance with the invention are typically lower in volume 
than conventional desiccant dryers and fill and empty in distinct and complete batches 
thereby eliminating the problem of material separation. 

The dryer of the invention does not require and does not utilize a dew point meter 
or a dew point control, both of which are subject to reliability problems but are necessary 
with desiccant dryers. 

A dryer in accordance with the invention preferably operates using an air supply 
from 75 to 80 psi. This air, which is typically from the air supply in the facility in which the 
dryer is used, serves to generate the required vacuum as well as operate all of the air 
cylinders of the low pressure dryer. To conserve usage of facility air, the venturi vacuum 
generator of the dryer of the invention is desirably cycled on and off during operation to 
maintain a minimum vacuum of 25 inches. For large installations, a vacuum pump may 
be substituted for the venturi vacuum generator. 

The microprocessor controller of the dryer preferably includes thumbwheel 
switches or functionally equivalent structure which are used to set temperature to which 
the resin or other granular material is to be heated prior to drying. Another thumbwheel 
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switch or functionally equivalent structure is preferably used to set the minimum 
acceptable time as the time for a heating cycle and a drying cycle. Typically 20 minutes is 
the cycle time for acrylic, ABS and polycarbonate while 40 minutes is the cycle time for 
PET. A third thumbwheel switch or functionally equivalent structure is preferably used to 
set fill time, which controls the time for filling a canister at the fill and heat position. 

During operation, the three identical material canisters 12 or functionally equivalent 
structure rotate through the three stations, namely the fill and heat position 100, the 
vacuum dry position 102 and the inventory and dispense position 104. Once there is 
material in a supply hopper or functionally equivalent structure above fill and heat position 
100, an operator presses a button on the microprocessor controller or functionally 
equivalent unit to begin the operating sequence. Canisters 12 then index to a starting 
position based on the position when the dryer was locked and last shutdown and the 
carousel locking arm 124 or functionally equivalent structure moves into position to 
engage a vertex portion 125 of locking cam 126 or functionally equivalent structure. 
When locking arm 124 or functionally equivalent structure is at vertex portion 125, 
microswitch 128 or functionally equivalent structure is actuated by eccentric lobe 130 or 
functionally equivalent structure and signals the microprocessor that the locking operation 
has occurred. Further operation of dryer 10 is conditioned on the microprocessor 
verifying occurrence of such locking engagement of locking arm 124 or functionally 
equivalent structure into vertex position 125 of locking cam 126. 

After locking has been confirmed, the microprocessor actuates piston-cylinder 
combination 106 or functionally equivalent structure, raising heating position bottom 
sealing plate 86 or functionally equivalent structure into position against the bottom of a 
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canister 12 located at heat and fill position 100. Next, the microprocessor checks sensor 
153 in heating position bottom sealing plate 86 to verify presence of a canister 12 at heat 
and fill position 1 00. 

Upon the microprocessor verifying presence of a canister 12 at heat and fill 
position 100, the microprocessor actuates piston-cylinder combination 110 to open 
material intake valve 108, both of which are illustrated in Figure 11 whereupon granular 
material to be dried may flow downwardly into a canister 12 located at fill and heat 
position 100. Desirably, a fill hopper or functionally equivalent structure fitting atop dryer 
10 and supported by a rectangular framework 118 or functionally equivalent structure 
holds granular resin or powdery material to be dried and is of a volume slightly less than 
that of a canister 12. Hence, the entire capacity of such a filling hopper resting atop 
rectangular framework 1 18 can be filled into a canister 12 without fear of overflow. 

The microprocessor proceeds to actuate piston-cylinder combinations 44, 46 
thereby moving canister top and bottom sealing plates 40, 42 at vacuum position 102 into 
position against the top and bottom of a canister 12 located at vacuum drying position 
102. 

The microprocessor then proceeds to actuate piston-cylinder combination 170 or 
functionally equivalent structure which is over inventory position 104. Actuation of piston- 
cylinder combination 170 closes a canister lid 172 against the top of a canister 12 located 
at inventory position 104 and axially displaces a valve stem shaft 400 or functionally 
equivalent structure in that canister 12 located at material inventory position 104. At the 
same time, the microprocessor actuates piston-cylinder combination 198 thereby raising 
pivoting beam 196 and lifting vacuum material takeoff box 182 into position. 
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The microprocessor next turns on the venturi vacuum generator 48, or the vacuum 
pump if used in place of the venturi generator, and if adequate vacuum is not attained 
within 90 seconds, the microprocessor activates an alarm. Assuming the alarm was not 
actuated, the microprocessor actuates blower 76 and turns on heater 82 shortly 
thereafter. The microprocessor checks for increasing temperature and if a temperature 
increase in the air supplied by blower 76 to a canister 12 at material fill and heat position 
100 is not detected within 60 seconds, the microprocessor turns off heater 82, stops 
operation of the dryer and sounds an alarm. 

When the microprocessor opens valve 108, the canister 12 located at fill and heat 
position 100 begins to fill with material to be dried. Hot air enters the bottom of canister 
12 to heat the granular material as canister 12 fills with material. Typically the heating 
process continues for twenty (20) minutes, assuming this is the time that has been set by 
the operator and input to the microprocessor. Blower 76 and heater 82 are sized 
complementally to heat a single canister 12 of material in twenty (20) minutes. 
Sometimes material near the top of canister 12 may not reach the full heating 
temperature in twenty (20) minutes but this may be acceptable as full heating may not 
generally be required for full drying. After twenty (20) minutes, the heating cycle ends, 
carousel locking arm 124 is retracted from a vertex position 173 of lockable cam 174 by 
actuating piston-cylinder combination 176 thereby freeing carousel 21 for rotary motion, 
and an appropriate one of first, second and third driving rotation piston-cylinder 
combinations 34, 36, 38 is actuated thereby to index canisters 12 carried by carousel 21 
to the next position. 

The one of canisters 12 carrying the material which has been heated at position 
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100 moves to vacuum drying position 102. At this position twenty (20) minutes of applied 
vacuum is sufficient to dry the full charge of heated material in canister 12. Typically, 
vacuum levels of twenty-five (25) inches of mercury are adequate for drying; in extreme 
cases, vacuum of twenty-nine (29) inches may be used for the drying. The vacuum 
drying is desirably interrupted periodically and/or terminated by forcing hot air purging 
through canister 12 via purge line 62 while at the vacuum drying position 102, which 
clears moist air from canister 12 having the granular material therein being dried. 

Desirably, the timer of the microprocessor only increments and counts time when 
heated air temperature is within twenty degrees (20°) of the target temperature and the 
vacuum is at least twenty-five (25) inches of mercury. As a result, the first minute or so of 
each drying and heating cycle does not count towards the cycle time. 

After twenty (20) minutes of drying, canisters 12 are preferably moved again so 
that the one of canister 12 having now dry material therewithin is moved to the inventory 
and dispense position 104. As a result, there is a supply of adequately dry granular resin 
material for use by a process molding press or extruding machine. 

From that point, canister indexing preferably occurs only when a level sensor at the 
inventory position indicates that the canister 12 at that location is empty. 

Figure 20 schematically depicts a second embodiment of a vacuum dryer 
embodying aspects of the invention where the vacuum dryer -is designated generally 
200. A material supply container 202 or equivalent structure is provided as indicated 
schematically at the top of Figure 20; material supply container 202 need not be a part 
of vacuum dryer 200. 

A preferably tubular material feed line 224 or equivalent structure leads out of 



607322.1 3/8/02 

PH2 109595vl 03/08/02 



43 



material supply 202, preferably downwardly, and connects to a material flow control 
valve or equivalent structure depicted schematically as 204 in Figure 20. 

Material flow control valve 204 provides material to either of two material feed 
lines 226, 226A or equivalent structure which lead to respective ones of first and 
second material processing chambers 210, 212 or equivalent structure, both of which 
are illustrated as vertically oriented cylindrical processing. chambers in Figure 20. Other 
geometric configurations and shapes may also be used. 

First and second material processing chambers 210, 212 are equipped with 
means for heating granular material, such as plastic resin, delivered thereinto via 
material feed lines 226, 226A. The heating means may be one or more electrical 
resistance heaters as illustrated schematically and designated 214, 216 in first and 
second material processing chambers 210, 212. Alternately and preferably hot air is 
blown through first and second material processing chambers 210, 212 to effectuate 
heating of material contained therewithin, in the same manner illustrated and disclosed 
above generally with respect to the preferred embodiment. 

Vacuum dryer 200 further includes a vacuum pump or equivalent structure 
designated generally 208. Vacuum pump 208 draws vacuum within a selected one of 
first and second material processing chambers 210, 212 according to the position of 
vacuum control valve 206 or equivalent structure, which is connected to draw vacuum 
created by vacuum pump 208 from a selected one of first and second material 
processing chambers 210, 212. Vacuum lines 228, 228A or equivalent structure 
connect first and second material processing chambers 210, 212 to vacuum pump 208. 
A further vacuum line 230 or equivalent structure connects control valve 206 to vacuum 
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pump 208. 

Preferably leading from the bottoms of first and second material processing 
chambers 210, 212 are a pair of outlet lines 232, 232A or equivalent structure, which in 
turn connect to first and second dried material flow control valves 218, 220 respectively. 
First and second dried material flow control valves 218, 220 or equivalent structure 
control downward flow of dried granular or powdery resin material from respective 
processing chambers 210, 212 into a reservoir 222 in which the dried granular material 
is retained until needed by the manufacturing process. Line 234 carries material 
released by valve 218 or 220 into reservoir 222. Material feed line 236 carries dried 
material as needed from reservoir 222 to a process machine for fabrication where the 
process machine is desirably either a molding press or an extruder. 

During operation of vacuum dryer 200, moist granular material requiring drying is 
initially fed via valve 204 under the influence of gravity into the first material processing 
chamber 210. While in processing chamber 210, the granular resin material is heated, 
preferably by flow of hot air therethrough, until the material reaches a temperature at 
which vacuum is highly effective to evaporate moisture out of the material. 

Once application of heat ceases, first material processing chamber is then 
preferably sealed so vacuum can be drawn therein and vacuum pump 208 or equivalent 
structure actuated, with valve 206 or equivalent structure connecting vacuum pump 208 
to first material processing chamber 210. Vacuum is preferably drawn for sufficient 
time to evaporate the required amount of moisture out of the granular resin material 
within first material processing chamber 210. 

While vacuum is being drawn over and moisture is being evaporated from the 
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material in processing chamber 210, second material processing chamber 212 has 
preferably been filled with material and the granular resin material within chamber 212 
is heated to the required temperature for evaporation of moisture therefrom. 

Once the evaporation operation has been completed with respect to the material 
in chamber 210 and the heating has been completed with respect to the material in 
chamber 212 by virtue of that material having reached the required temperature for 
evaporation of moisture therefrom, the position of valve 206 may be switched so that 
vacuum pump 208 draws a vacuum within chamber 212 through conduits 228A and 
230. During this time, dried material within chamber 210 may be evacuated via lines 
232 and 234 by opening valve 218 so that material may flow downwardly into reservoir 
222 and be stored therein until needed for processing by the process machine, to which 
that material may then be carried by line 236. Once first material processing chamber 
210 is empty, chamber 210 may be refilled using material from supply 202 by 
appropriate positioning of valve 204, whereupon material may flow from supply 202 via 
conduits 224, 226 into chamber 210 and the process repeated. 

Because evaporation of moisture under vacuum is temperature sensitive and 
increases greatly in rate with increasing temperature, little is gained by seeking to apply 
vacuum to the moist granular material before the material has been raised to the 
appropriate temperature. As a result, a "dual" vacuum dryer system, namely one 
having two material processing chambers in which one batch of material can be heated 
while a second batch of material (having already been heated to the desired 
temperature) is having vacuum drawn thereover and moisture evaporated therefrom, is 
probably a more efficient system in terms of the amount of dried material delivered per 
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unit time than a system in which vacuum is drawn over the material as the material is 
being heated. 

Vacuum dryer 200 illustrated in Figure 20 is depicted schematically. First and 
second material processing chambers 210, 212 are desirably equipped with heated air 
inlet and outlet hoses and with vacuum inlet and outlet hoses and vacuum sealing 
means of the type disclosed above with respect to the preferred embodiment of the 
invention. 

Valve 204 functions as a manifold, preferably being connected to the first and 
second processing chambers 210, 212, and preferably selectably furnishes material to 
be dried to one of the two first and second processing chambers. Desirably, valve 204 
acts as a manifold to furnish material to a selected one of first and second chambers 
210, 212 most recently having dried material evacuated therefrom. Furthermore, it is 
desirable that first and second processing chambers 210, 212 have separate means for 
heating material in each of or associated with those two chambers. 

The apparatus illustrated in Figure 20 may be modified to utilize only a single 
material processing chamber, either 210 or 212. While this arrangement may be less 
expensive, it is also less efficient in that granular material to be dried cannot be 
effectively dried under vacuum until heating has been completed, as noted above. 

A third embodiment of a vacuum dryer manifesting aspects of the invention is 
illustrated schematically in Figure 21 with the vacuum dryer being designated generally 
300 and including a material processing chamber designated generally 302. 

A material supply container or equivalent structure is designated generally 304 
and serves as a storage receptacle for granular or powdery material requiring drying; 
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material supply container 304 need not be a part of dryer 300. 

Material processing chamber 302 or equivalent structure is preferably equipped 
with a preferably sealing lid designated generally 306 and positioned to close an inlet 
end 326 of processing chamber 302 or equivalent structure. Sealing lid 306 is 
preferably moved by a preferably pneumatic actuating cylinder 308 connected to 
sealing lid 306 by a suitable pivoting arm 310. Upon actuation of cylinder 308, sealing 
lid 306 moves into position to seal inlet end 326 of processing chamber 302. 

Granular resin or powdery material requiring drying is conveyed, preferably by 
gravity, from material supply 304 or equivalent structure to inlet end 326 of processing 
chamber 302 or equivalent structure via material conveying tube 328. 

Material processing chamber 302 is preferably divided into two zones, a heating 
zone or equivalent structure designated generally 312 and a vacuum drying zone or 
equivalent structure designated generally 314. Zones 312, 314 are preferably 
separated by a sealing trap door or equivalent structure which is designated 318 and 
referred to as a first sealing trap door within preferably cylindrical material processing 
chamber 302. Heating zone 312 is preferably adapted to heat granular or powdery 
material contained therewithin. An electrical resistance heater has been designated 
316 and is shown schematically as a part of heating zone 312 to indicate the heating 
function; heating may also be and is preferably provided by hot air in the manner 
described generally above respecting the preferred embodiment of the vacuum dryer. 

A vacuum pump 322 or equivalent structure is preferably connected to vacuum 
drying zone 314 of processing chamber 302. 

The lower or exit end of vacuum drying zone 314 is preferably bounded by and 
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defined by a second sealing trap door or equivalent structure designated generally 320 
in the drawings. Second sealing trap door 320 preferably leads to a dried material 
discharge conduit 332 providing dried granular or powdery material to a reservoir 324 
from which material may be supplied to a molding machine or extruder as required, 
preferably via outlet conduit 334. 

During operation of the embodiment of the dryer apparatus illustrated in Figure 
21 , a first portion of granular or powdery material to be dried is preferably advanced 
from a supply in material supply container 304 preferably through material inlet 
conveying tube 328 into heating zone 312 of material processing chamber 302. Once 
within heating zone 312, that first portion of material is heated, preferably by forcing or 
drawing hot air through the material. Temperature of the material is preferably 
regulated substantially in the same manner as described above, namely by comparing 
temperature of the air going into the material and temperature of the air coming out of 
the material, and when those air temperatures are equal, the material is known to be 
substantially heated to the required temperature. 

Once the first portion of heated material is known to be substantially at the 
required temperature, that first portion of material preferably is advanced from heating 
zone 312 preferably into vacuum drying zone 314 preferably by opening sealing trap 
door 318 or equivalent structure separating heating zone 312 from vacuum zone 314, 
and allowing the heated material to fall due to gravity from heating zone 312 into 
vacuum drying zone 314. 

Once the first portion of heated material has been evacuated from heating zone 
312 into vacuum drying zone 314, a second portion of heated material preferably may 
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be advanced from supply 304 via tube 328 into heating zone 312, whereupon heating 
of that batch of material may commence. 

For the first portion of material which is now in vacuum drying zone 314, a 
vacuum is preferably drawn over that first portion of material to dry the first portion of 
material while a second portion of material, which is now preferably in heating zone 
312, is preferably heated. 

Once drying of the first portion of material is substantially completed in vacuum 
drying zone 314, second sealing trap door 320 or equivalent structure preferably may 
be opened and the first portion of material, which is now dried to the required level, may 
preferably advance downwardly, preferably due to the force of gravity, through dried 
material discharge conduit 332 or equivalent structure, into reservoir 324 or equivalent 
structure in which the dried granular material is preferably stored until needed by the 
process machine. 

These steps of advancing portions of granular material from the supply into the 
heating zone, heating of material in the heating zone while the next preceding portion of 
material is being dried in the vacuum drying zone and then advancing the two portions 
of material successively from the drying zone into the reservoir and from the heating 
zone into the drying zone may preferably be repeated until such time as no additional 
dried material is required by the process machine to which conduit 334 is connected or 
leads. 

Conventional industry practice is to dry, then blend and then process granular 
resin material using a desiccant dryer, then a gravimetric blender and then a molding 
machine. The dryer of the invention facilitates reversal of that process, namely 
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permitting drying to be done after measuring and blending. This is advantageous 
because of problems associated with desiccant dryers, when used after the blending 
step, including separation of the blend resulting in a large quantity of resin material 
being already preblended that might not be usable in the event of such separation. 
This is the reason desiccant dryers are conventionally used prior to gravimetric blenders 
in the plastics molding industry. Since the invention facilitates drying of granular 
material after the measuring and blending of such material, the invention eliminates the 
risk involved in storing preblended material, namely separation of the blend which may 
render the material unusable. 

With the dryer of the invention, removal of moisture is on the order of 2/10 of 1% 
of the weight of the material so there is no adverse effect on the blend and the 
proportions of the blend that have been effectuated by a gravimetric blender positioned 
upstream of a dryer in accordance with the invention. 

A dryer in accordance with the invention uniformly and consistently exhibits a six- 
fold reduction in drying time over that experienced using conventional desiccant dryers 
when drying granular plastic resin material prior to molding or extrusion. Such 
conventional desiccant dryers rely entirely on blowing warm air over the plastic material 
and having the warm dried air draw and absorb moisture out of the plastic material of 
interest. 

In the dryer according to the invention, the vacuum drawn during the drying 
process is typically on the order of from one to three inches of mercury short of 
absolute vacuum. Hence, under standard conditions a dryer in accordance with the 
invention develops a vacuum of from 27 to 29 inches of mercury in the vacuum drying 
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canister. 

Preferably a dryer according to the invention supplies hot air to heat granular 
resin material at fill and heat position 100 at a temperature as high as 260T or even as 
high as 300T. 

In a typical application where a molding machine may require 100 pounds per hour 
of processed, dried, ready to mold plastic resin, a dryer in accordance with the invention 
can supply the same using a 35 pound capacity canister since such canisters cycle in 20 
minutes at each of the three positions. Accordingly, during each hour 105 pounds of 
material may be supplied from the dryer, ready to be processed by the molding machine. 

For a molding machine operating with a conventional desiccant dryer supplying the 
granular resin material at the same 100 pounds of material throughput per hour, a 
desiccant dryer having capacity of 400 pounds would be required in order to provide the 
100 pounds per hour of material due to the four hour desiccant drying time. As a result, a 
dryer in accordance with the invention provides canisters 12, which are smaller, more 
manageable, take up less space and generally provide a more efficient operation for a 
molder than a conventional desiccant dryer. 

A desiccant dryer process requiring 100 pounds throughput of material per hour 
requires a four hour lead time since such a desiccant dryer typically requires four hours to 
provide the first batch of material at acceptable dryness. In contrast, a dryer in 
accordance with the invention only needs 40 minutes to provide the first batch of material 
at acceptable dryness for startup of the molding operation. A further advantage afforded 
by the dryer in the preferred embodiment of the invention results from the use of three 
separate canisters in the heating, vacuum drying and material inventory positions 100, 
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102 104. This means that a new color may be introduced into the drying procedure while 
the preceding color or final batch of plastic resin material with the preceding colors is 
being dried and delivered. Hence, there is no interruption in operation of the dryer in 
order to change colors of the granular resin material being dried. In contrast, a 
conventional desiccant dryer would require four hours of down time in order to change the 
color of the granular plastic resin being dried. 

A dryer in accordance with the invention makes economical the recycling of 
nylon scrappage which heretofore has not been practical due to the drying time 
required for such scrappage. When nylon is conventionally processed and scrap nylon 
results as a byproduct of the process, in some cases it may take up to three days, using 
known methods and equipment, to dry the scrap nylon to a sufficient extent that the 
nylon can be reground and reprocessed. A dryer in accordance with the invention has 
been tested experimentally on such nylon recyclage and has been found to adequately 
process the nylon recyclage in six hours, amounting to a 92% reduction in drying time 
over that known heretofore. Hence, use of a dryer in accordance with the invention 
may provide a source of continuous supply of dried reprocessable nylon for recycling 
which has heretofore not been practical due to the affinity of nylon for moisture and the 
length of time it has taken to dry nylon recyclage to a sufficient degree to make it 
processable in a recycling mode. 

Another important advantage of the invention is that plastic resin material being 
dried is exposed to heat for a much shorter time than with known methods, thereby 
reducing the risk of plastic degradation due to exposure to heat. Many molding 
materials, especially more expensive molding materials, are highly sensitive to 
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exposure to heat. These materials, commonly referred to as "engineering" materials, 
include nylon, PET and various polycarbonates. 

The foregoing describes the preferred embodiment and alternate embodiments 
of the invention and sets forth the best mode contemplated for carrying out the 
invention in such terms as to facilitate practice of the invention by a person of ordinary 
skill in the art. However, it is to be understood that the invention has many aspects, is 
not limited to the structure, processes, methods and embodiments disclosed and/or 
claimed and that equivalents to the disclosed structure, processes, methods, 
embodiments and claims are within the scope of the invention as defined by the claims 
appended hereto or added subsequently. 
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